RR AGT 
AIae® 
METI, 4 OST CES 
ERLANG : 
C 
aa 


Approved For Release 2007/09/21 : CIA-RDP81-00120R000100020071-7 


Sopt. 27, 1696 i. D. KELL 3,275,435 
“MBTHOD GF ADHERING PARTICLES TG 4 SUPPORT SURFACE 
Filed Hay 3, 1965 . 3 Sheets-Sheet 1 


FHOSP HOR 4, 
FPAURTICLES 


CHLLO OBL 
FHCEPHOR 


MMERT ~ 
SLPALAT ON 


COLO DAL me 
FAOSIIOR 


_ FARTICLES wer: 
Fo a 
Bag RF PKL 
a9 are To Soaps JENTART 
£019 \ Hospice 


Vey CHICLES 


yy al CNT” yee Bias Men 


uy Mig Yee gs 
GUASS Ea ot (lial LDL ob Leiba 
WLLL EEL Li 
INVENTOR. 
HG] 2 RAy D. KetLl 


Ublin Gt (Gfaliud 


WEY 


ae eae ¢ 
Leaner 


aes 


a aaa 


Approved For Release 2007/09/21 : CIA-RDP81-00120R000100020071-7 Urey te Nic Siesta ees eabegine Bac 


SS eee 


Approved For Release 2007/09/21 : CIA-RDP81-00120R00010002007 1-7 


Sept. 27,1966 RD. KELL «3,275,466 


METHOD OF ADHERING PARTICLES TO A SUPPORT SURFACE 


eae 


Filed May 3, 1963 : _ 3 Shee ts-Sheet 2 


COM EITHER A SUPPORT SURFACE OR IHOIVIOUAL 
PHOSENOR PARTICLES WITH Afb ADSCABENT FILMA 


LATHE THE SUPPORT SUZFACE WITHA LIGGO DISPERSIOM 
OF LO) OSEUNED PHOSPHOR, PARTICLES (FE THE 
sUpPoRy SUCPACE HAS bib FILMED, OR GY THE 
FILIGEO PHOS IR PARTICLES (F THE SURPORT 
SURFACE bas MOT BEEN FUSED. 


ana eat Ne 


“oat 


errs or me bass atin Tad 


ee ora gerne 
ci ns 


“mye 


BPEMNWE EXCESS OF DISPELSIOILEAYING A MONO- 
PARTICLE ~ THICK LAYER OF PHOSPHOR PARTICLES 
ADNELIIG TO SUPPORT SURFACE WITH AN 
ADSORBEHT FILM INTERPOSED THEREBETWEEN, 


REPEAT EITHER SERIES. OF (RECEDING STEPS 
Writ. A EESICED THICKHESS PHOSPHOR 
PAETICLE LAVER 18 EVILT OP 


Hig 8. 
INVENTOR, 
Kay D kell 
BY 
Wilkin. fl fateiah 


ATTOECMEY 


Approved For Release 2007/09/21 : CIA-RDP81-00120R000100020071-7 - 


Approved For Release 2007/09/21 : CIA-RDP81-00120R000100020071-7 


Seut. 27, 1966 R.D. KELL 3,275,466 


HETHOD OF ADHERING PARTICLES TO A SUPFORT SURFACE 
Filed May 3, 1965 


ipreras 3 Sheets-Sheet 3 


MEM USIHESCENT FROTECTIVE LAYER 
RED PHOSPHOR PARTICLE LAYER 
HOWL UMNESCENT SEPRAATOR LAYER 
GREE PHOSPHOR PARTICLE LAYER 
WOMAN ESCEMT SEPARATOR LAYER 
BLUE PHOSPHOR PARTICLE LAYER 
GLASS BEAD 


MOMUMUISCENT PROTECTIVE LAYERS RE 
MED FPHOSEVOR PARTICLE LAYER j 


GREEN PHOSPHOR RETICLE LAVER--- 


LAYER OF 
AIULTTPLE-COBTEO 
PRESPHOR PARTICLES 


INVENTOR. 
GLASS. TOF 
ACEALATE = KAY D. KELL 
i Mim LU ploicke 
Ld FORNEY 


. 


Approved For Release 2007/09/21 : CIA-RDP81-00120R000100020071-7 


-npemere se ee ee ps res Os 
‘oP pags + 


oar 


” 


Tr ae 


Per ies dae 


oem pe part perenne 
: he 


wig 
fr PS 


- & 


PrP tak 


Fay, . Approved For Release 2007/09/21 : CIA-RDP81-00120R00010002007 1-7 


United States Pates 


1 


: 3,275,466 
METHOD OF ADHERING PARTICLES 1G: A 
SUPPORT SURFACE 
Ray D. Kell, Princeton, N+, assignior to Radio Corpora- 
tion of America, a corporaticn of Delaware 
Filed Mav 2, 1965, Ser, No. 457,241 
22 Claims. (Cl. 117-—33.5) 


This is a continuation-in-part of patent application 
Serial No. 108,535, filed May 8, 1961, now abandoned. 
Both applications were filed by the same inventor and 
were assigned to the same assignee. 

This invention relates generally to a method of adher- 
ing particles to a support. The invention is particularly, 
although not exclusively, directed to a method of forming 
a very thin Jayer of culloidal particles, such as phosphor 
particles, upon a support surface. 

In referring herein 10 colloidal-size particles, no limita- 
tion to a particular size range of particles is intended. 
Rather, the term “colloidal” is used herein in its broad- 
est sense to mean a particle of such size that the surface 
properties are dominant over the mass properties; for ex- 
ample, where surface forces cause a particle to be sus- 
pended in a liquid which has a lower density than does 
the particle. 

Jay some applications, extremely thin phosphor layers 
are desired. One type of cathode ray (ube particularly 
demanding in this respect uses a Juminescent screen com- 
posed of sunerimposed Jayers of different phosphots, each 
Jayer of which emits light of a different color, In the 
operation of such a tube, selective penetration cf eiece 
trons into the screen is obtained either by varying the 
velocity of a single electron beam or by using a plurality 
of different velocity beains to selectively excite the various 
phosphor layers to produce color images. Since color 
output js a function of screea penetration by the beam, the 
superimposed phosphor layers should be thin in order that 
screen penetration fram one phosphor layer to another, 
and hence color selection, can be effected with a practical 
switching signal voltage. Jn addition to being thin, the. 
screea Inyers for such a tube should be of uniform thick- 
ness and relatively nonporous in the sense that (hey should 
be substantially free of interstices, holes therethrough, or 
cavities therein. Where interstices, hales, or cavities do 
exist, or where the Jayer has a thin spot, some electrons 
of the beam may pass through Gne layer and excite the 
next, When in fact, this should not occur, In some forms 
of this screen, the phosphor layers are separated by inert 
spacer layers which may havz substantially identical char- 
acteristics to the phosphor layeis except that they are noa- 
luminescent. Such spacer layers provide belter color sep- 
aration with Jess critical cantrol requirements. 

In addition to thin phosphor layers being useful in 
cathode ray tubes operating on the screen penetration 
principle to previde color images, thin phosphor layers 
are also useful ir other tube applications. For example, 
tube applications which require high resolution displays, 
such as image tubes and certain oscillograph tubes, find 
such thin lavers useful. 

Evaporated phosphor layers have been proposed in an 
effort to provide nonporaus, thin phosphor layers. Tlow- 
ever, evaporated ~hasphor layers are typically relatively 
Jow an divht os. t effictone On the other hand the 
rela os chi: coat phosphor lagers of sediment. ty- 
size particies, 6 we ¢enuaonly made by seiding the 
particles through cid cushion and onlo a suppolt sur. 
face (substrate), « aot suitable for such thin layers be- 
cause of the rela. «ly large size of the phosphar particles. 
The targe size - ~sphor particles are themselves larger 
than the desires yer thickness. Moreover, such layers 
cf cadunentary — cticles are inherently porous due to the 
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Jargpe interstices between particles, which are loosely 
packed, 

In addilion to the layers described abnve, thin uniform 
layers of particles of other electrenically-active material 
are necded in a multitude of applications. For example, 
layers of magnetic, photcconductive, ferroclectric, elec- 
trically-insulating, electrically-conducting, and clectron- 
emissive particles may be desired, As with phosphor 
particles, sedimentary-size particles may be too large, 
while vapor-deposited layers may be lacking in some ime 
portant characteristic. 

An object of this invention is to provide a novel method 
of adh>ring particles to a support surface. 

Another object is to providt a nove! method of prepar- 
ing thin, uniform layers of particles upon a support sur- 
face. 

A further object is to provide a novz! method for pre- 
pering thin, light-transmiiting luminescent sereens com- 
prising one or more layers of phosphor particles, which 
layers are characterized by relatively uniform thickness 
or surface-to-surface dimensions and nonporous texture, 
and which have relatively Nigh light output efficiency. 


Another object is to provide a new method of making » 
_Tuninescent screens which comprise one or more 1..yers of 


tghtly packed phosphor particles. 

: Generally, the navel method may be used to make a 
structure including the elements of: (a) a suppor’ surface 
and (b) particies. The suppor: surface may be afi ex- 
tended area of generally planar configuration or may be 
the surfaces of particles which are many Umes larger than 
the particles to be adhered to the support surface. The 
support surface may be the surface of a structtual mem- 
ber or may be the surface of a Jayer adhered, either di- 
rectly or indirectly te a structural member, 2s in a mul- 
tiple layer embodiment. Any particles which are insol- 
uble may be used in (he novel method, ; 

By the nove] method, one caly of the elements, either 
(a) the support surface or (b)} the particles, but not both, 
is coated with a particle-adsorptive material; for example, 
gelatin, Thea, the coated element is washed in a solvent 
for the coated material until substantially no cozting ma- 
terial can be washed from the coated element, thus leay- 
ing an adsorbed film of the material on the element. 
Then, she support surface is contacted with a dispersion 
of the particles in a quantity of quid, the liquid of saic 
dispersion being substantially free from particle-adsorp- 
tive material, whereby particles from the dispersion ad- 
here to the support surface, The remaining dispersion 
is then washed away. 

The process may be repated as many times as desired 
to build up the thickness of the particle Jayer, provided, 
in each cycle of ihe process, an adsorbed film of material 
is present on one, but not both, of the elements, In one 
form of the process, the suppert surface is coated with 
the partic! adsorptive material, washed, and contacted 
with a dispersion of uncoated particles, and then this se- 
guence of steps is repeated, In another form of the proce 
ess, two dispersions are prepared; one a dispersion of par- 
ticles that have been coated with the particle-adsorptive 
material and washed until no further material can be 
washed from the coated particles; and the other a disper- 
sion of uncoated particles. The support surface is con- 
tacted with the one dispersion, is rinsed, is contacted with 
the other dispersion, ic rinsed, and then this sequence of 
steps is repeated. 

My invention may be used as a method of laying cown 
a Jayer of phosphor particles to provide a novel Juminese 
cent screen by the use of particle-adsortent films to which 
phosphor particles ill be attracted and adhere. Such a 
film js interposed between a support surface and phosphor 
particles which are to be formed intq a layer on the sup- 
port surface, The support surface may be that ef a face- 
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posted either by forming such a nbn on the saprert 
face aad then bathing it with a diquid dispersioa cun- 
aing the laver-forming phosphor particles, or else the 
amay be formed on the laver-forming phosphor par- 
es themselves and then the support surface bathed with 
iquid dispersion of the filmed phosphor particies, In 
nec case phosphor parucles adhere to the support sur- 
coin a Javer-Hke deposition. 

According to one embodiment ef the method of my 
renuon, a support surface such as a glass faceplate is 
sered with cuch an adsorptive film. The film is then 
vercal, such as by bathing, with a fiquid dispersion of 
osphor particles, This results In particles adhering to 
> fila. ‘The excess dispersion is then removed, These 
“ps amay be repented any number of times to build up a 
ver of phosphor partictes to any desired thickness, 
Using the method of iny invention, a luminescent sereea 


ay be prepared which comprises at Jeast one layer built : 


vof onz or more dz positions of clasely nucked phosphor 
ticles, The particles are cqu-ed to adhere to each other 
id ‘or to a support surface by extremely thin films, such 
; telatin films, interposed therebetween. The screen is 
ibstantially free of interstices which are of the same 
rder of size as, or larger than, the phosphor particles 
rxemselves, the layer being tightly packed and relatively. 
Onporaus, Moreover, because phosphor particles are 
sed, rather than an evaporated film food light cutput 
‘ciency is obtained. Also, by using colloidal-size par- 
cles, very thin Jayers which are light-transmitting can 
= nade. 

‘rhe method of the invention may be used to prepare 

uninescent sereens suitable for use ia pentratioa type 
athode ray tubes. Such screens may comprise a super- 
nposed plurality of such phosphor particle layers in 
cither: (1) extended layer form, or (2) muitipie coated 
wrticle farm. In extended layer sercens each of the 
urerimposed phosrhor layers extends completely over 
he faceplate of the tube, In sereens of muliple-coated 
particles the superimposed feo crs are formed a5 super- 
imposed phosphor coatings on each of a mutiplicity of 
rJatively large particies of, for example, glass or other 
phosphor material, which particles are subsequently de- 
pasted in a laver over the faceplate. , 

The meihod of the invention and illustrative embodi- 
ments thereof are described in detail below in conjunction 
with the drawings in which: 

FIG. 1 is a longitudinal section of a cathode ray iube 
iucorporating a luminescent screen; 

“JOS. 2 and 3 are enlarged sections of single layer and 
wultilayer screens, respectively, suitable for use in the 
tube of FIC, f 

FIG. 4 is an enlarced section of a modification of the 
mujtilayer screen of FIG. 3. 

FIG. 5 outlines a method of making the screens of 
FIGS. 1, 2, 3, and 4; 

FIG. 6 is a section of a multiple-coated particle; 

FIG. 7 is a modification of the multirle-coated particle 
of FIG. : 

FIG. 8 is a section of a rultilaver luminescent screen 
waving FIG. 7 muluple-coated parucies; and 

FIG. 9 is a greatly magnified section of a phosphor 
layer. 

tn FIG. 1, a cathode ray tube 10 comprises an eavelape 
TR including a neck 12, a faceplate 14, ana an intercon- 
necting funnel 16. An electron gun £8 im the neck 12 
is adipted to project a beam 20 of electrons toward the 
faveptoie 24. The neck 12 is closed at one end with 2 
Stem structare 22 through which a piurelity of fead-ins 
24 are sealed, Suitable operating potentials are supplied 
la the electron gun 18% through the fead-ins 24. A con- 
ductive coating 26 is provided on the inleraal surfoce of 
the funnel 16 and serves as an acetlerativg electrode, TA 
suitable high voltage potential is supplied to the coating 
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A magnclc dt, feaie naituh +) 30. for cxainple, is provided 
1c deflectine Ihe cleetroa bean 20 to scan a raster over 
the face pate t4. 

A Juniinescent screen 32 on the internal surface of the 
facepluie 14 comarives one or mors fayers of phosphor 
puilicles. The luminescent se‘cen 32 may, for example, 
comprise a single fuyer of pacticies for producing cither 
a sinsle calor Hght output or white light output. Alter- 
naively, the screen may comprise a plurality of superim- 
posed layers of phosphor panicles for producing Hght of 
different colors, 

The present invention may be used in making Jumines- 
ecnt screens of a vairicty of types, including screens for 
black and white cathode ray tubes and also screens for 
multicolor cathode ray tubes. The invention may, for 
example, o¢ used in making luminescent sercens of the 
type prescribed in the copending application, Serial No. 
108,465, of D. H. Pritchard enutled * ‘Electrical Devices 
and Methods” filed May 8, 1961. 

Where a plural iayver screen 32 is provided and is hom- 
barded by electrons of diferent velocities, means may be 
provided for preventing raster size distortion. Such 
means may take the form of either a me:h 34 dis; osed 
transverssiy within the fume] 16 or other suitabic means, 
Where the electrode 34 is used, it is connected to the 
coating electrode 26 and the tube 10 is opersted accord- 
ing to post acceleration yriqciples, A separate lead-in 
means as indicated schematically by the arrow 36 is pro- 
vided for supplying suitable electric potentials ‘o the 
plural Jayer screen 322 for e‘Tecting color selection. In 
the case of a single phosphor Jayer screen 32, the electrode 
24 may be either omitfed or else included for the purpose 
of obtaining post acceleration operation and its attendant 
advantages. 

.FIG, 2 i!lustrate a luminescent screen 38 comprising 
acsingle Jayer 40 of phosphor particles which cculd be 
used in the tube 10. The layer 40 is characterized by 
having a thickness substantially greater than the size of 
the particles, thus resulting In a multipartic’s thick layer 
free of perforations. Beenuse the particles are, in this 
exainple, af colloidal size, the layer 49 is very thin and 
has good light transmissiviiy. A Hght-rellective metal 
layer 41 of, for example, aluminum, is deposited on the 
phospher Jayer 48. 

FIG, 3 illustrates a three-layer luminescent screen 48 
which is suitable for use in the tube 10 for-producing 
color images. The tuminesc2nt screcn 48 comprises 
three superimposed layers $0, 32, and S4 of colloidal 
phosphor particles. The superimposed phosphor layers 
50, 52, and 54 may be in contact with each other or alter- 
nated, as shown, with inert (nenluminesccat) separater 
Jayers 56 and §8. The separator layers £6 and 58 may 
comprise, for example, particles of mica, vermiculite, col- 
loidal silica, bentonite, kaolin, vanadium rentoxide, or 
tale, Thess separator layers may be put down in the 
manner hereinafter descrited for putting down the phos- 
phor fayers 50, $2, and 54. ‘The separator layers 56 and 
§8 serve, among other things, to reduce color impurity of 
the light output. The screen 48 also includes a light- 
reflective metal backing layer 59 of, for example, alu- 
rminunt, 

A modification of the screen 43 is shown in FIG. 4 
wherein like numbers are used 'o identify tike parts of the 
screen 48 of FIG. 3. In FIG. 4 a luminescent screen 66 
5 shown disposed on the support member 14 and includes 


One or more relatively thin and nonporous coiloidal partic _...- 


cle fayers 50 and 52 superimposed cn a relatively thick, 
coarse particle, phosphor layer 62 comprised of lJarger- 
than-colloidal particles of, for example, sedimentary size. 
As in the screen 48 of FIG. 3 inert separator layers 56 
and 38 are provided between adjacent phosphor layers, 
and a light reflective metal layer 59 is provided on the 


75 phosphor layer 50. 
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izying down of the first phosphee layer 62. For exdur | 


ple. the well-known settling method can te used. 
Because, in the cneration of the tute 10, itis mu neces: 

sary that the clectron bea pesetrede through the phos- 

phor tayer adjacent the faceplue, that layer need not bs 


extremely thin or nonporous, Tne porosity of the coar. +. ‘ 
5 r 


particle layer 62 may be greater than that of the two 
layers £9 and $2 nearest the electron gun of the tube, 

fa a luminescent screen of colloidal phosplior particles, 
good light output can be obtained from thin, yet non- 


porous, pho pher layers. For example, good light out+ so 


put has been ortained from a 3-layer screen 48 having a 
total thickness of a few microns, aoe 
In laying down a phosphor particle Iayer, the novel 


method tees films of particie-adsorptive materials havirg « 
protective colloid properties. Some examples of protec. .. 


live colloid materials which have been successively uses 
ure pglatin, polyvinyl alcokel, and certain modified 
starches. such a5 that sold by Hercules Powder Company 
and dedanited by the trade name “Ceron-N.". Many 


other materials are known which have protective colloid - ~ 


properties and which may be useful in practicing this 
invention. : aa 
The protective colloid, as employed in this [aveation, 


when applied to either (but not ooth) the phospher parti-* 7 
cles or the substrate on which the particles are to he de-” 
posited, results in obtaining the desired degree of aninity *- 


and adhesion between the particles and the substrate.” 


_ CONTINUOUS EXTENDING LAYERS ~- 


FIG. § outlines a method for making a thin phosphor * 


sereen such as is illustrated in either of FIGS, 2, 3, cr 4. 
In accordance with the outline of FIG, £, the adscioent 


film can te interposed tetween the -particles and their 
support surface cither by: (1) the filmed substrate meth- + 


od whereby a support surface is coated with an adsorbent 
film and then bathed with a dispersion of unfiimed parti- 
cles, or (2) the filmed particle method whereby each 
particle is coated with an adsorbent film and an unfilmed 
suppor. surface is then bathed with a dispersion of the 
filmed particles. tee fa fs 


FILMED SULSTRATE METHOD * 


To muke a single phesphor Jayer by the filmed sub- 
strate methed such as the [ayer 40 of FIG, 2, an adsorb- 
crt Wm to which phosphor particles in a liquid disper- 
sion will become attached is first provided on a support 


surface, such as the glass faceplate 14, Such a film may - 
be provided by introducing a quantily of a sohkition of a) | 
suitable material having protective colloid properties in a. 


solvent therefor, e.g, 2 solution of geiatin in water, into 
the envelope 11 to thus bring it into contact with the 


internal surface of the faceplate 14 so that the faceplate: 


is completely coated with a film of gelatin. ‘The excess 
of the solution is then removed from the envelope by 
pouring it off. ; 
The interior of the envelope is then washed until sub- 
‘stantially no particle-adsorptive material can be washed 
from the envelope. In preparing a gelatin film, se+eral 


washes of water insures that afl gelatin has been removed. 


except the film of gelatin that is adsorbed on the interior 
glass surface of the envelope. on 

E have found a solution of approximately 0.1 percent 
nejatin in water produces an eacellent adsorbent film, 


have chininesd satisfactory results with a concentration av - 
lew as 0.01 percent and as hich as tO percent gelatine 


When the concentration is maste fess than.Q.O8 peent, 


impractically large quantities of the gelatin solution are. 


required, On the other hand, gelatin concentrations 


much greater then 10 percent present a processing probe . 


lem because of stanilitv and viscosity of the gelatin solu- 


neids can te ured: glacial acetic acid has been found to 

be suitable. The degree of ovidity, Le. the pH, has not 
6 been found to be critical, except that too strong an acidifi- 
cation, @.f, a scruiion with a pH of much Iess than 3, may 
be delrimental to sone phosphor materials, The acid 
appears to increase the affinity of the adsorbent gelatin 
. Alm for the phosphor partictes which arc subsequently 
yo brought into contact therewith, 


Alternatively to, or in combination with, the adding | 


of acid to the e¢vcous gelatin solution, au adsarbert film 


the support surface (faceplate 14). The acid bath may 
ys be performed ty introducing a quantity of a suitable acid, 
for example acetic acid, into the envelope 11 and slosh- 
ing it over the aJsarbent film onthe surface of the face- 
plate 14. The excess acid is then poured off, 
Following the acid bath, cr the acidified gelatin applica- 
69 tion. as the cast maybe, a water bath step is used. Water 
_._is introduced into the envelope 11 and thoroughly sloshed 
over the filmed faceplate 14. The water is then poured 
cif. The water bith step serves the purpose of removing 
surplus gelatin which is not in actual adherent contact 
with its support surface. Also, the water beth acts to 
remove excess acid left on the adsorbent gelatin film. 
--After pour-off of the water bath, the faceplate 14 is 
preferably spun to throw off all excess water. The ad- 
sortent film can te dried to set the gelatin if desired. 


“or 
ot 


- 39. However, this is act necessary. 


Following the sinning off of the water, a dispersion of 
© the desired phoiphor particles in a suitable liquid, such 
“a5 water, is intreduced into the envelope 11 to bathe the 

. gehitin filmed sub-trate, If desired, the phosphor disper: 
35 sion may be aciZifed as hereinafter described. A suili- 
‘cient quantity of the dispersion is used to insure good 
coverage of the Aimed surface of the faceplate 14. When 
the fum of the celstin solution is covered with such a 


“phospnor-in-water dispersion, phosphor particles become .. 


jf attached to the firm in what is believed to be essentially 
“a monoparticle deposition. Inasmuch as settling is 
“ not the principal ection whereby the phosphor rarticles 
are deposited on the substrate, no harm results from agi- 
tation of the phesrhor dispersion bath, end an agitated 
-washing or bathing with the phosphor dispersion is the 
- preferred procedure. The method of my invention is 
distinguished from. settling techniques in that the washing 

- with the phosphor dispersion, whether agitated or not, is 
normally performed fora period of time, much less than 
50 would be required for a uscful number of phosphor par- 


‘absance of any agitetion. | ; 

Dispersion mecia ether than water may be used, if 
desired. I prefer to use a phosphor-in-water dispersien 
containing snbmicroa size phosphor particles in a concen- 
tration of anproximstely 10 to 30 milligrams of phosphor 
for each cubic centimeter of water to produce the desired 
adsorption action. Higher or lower phosphor cencentra- 
tions than about i@-30 mg./ce. can be used. Generally 
a0 speaking, the moze concentrated the phosphor dispersion 

the greater the rate of adsorpiion. Phosrher concentra- 

tions substantially ‘ess than 10 mg./ec. rm ~ in undesir- 
ably slow adsorption rates; phosphor disj ~ .a concen 
trations substantially greater than 30 mg-ac. result in 
trifuging and redispersing the phospor 


05. 


After the phospher Cispersion has thoroughly contacted 
3 “sts oGuarbent getatis film, the excers dispersion is removed 
by pouring off, Focicwing pour-off of the phosphor dis- 
rersion, the -phosshcr layer adhering to the adsorbent 
“gelatin may be given a water wash ta remove any excess 
phosphor material which is not in adiicrent contact with 
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ticks to settle Gut of the dispersion, cven in the complete” 
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“rersioa of phosphor particles should contain 
road thle aniount of the adsorbent film-forming mia- 
icrial, viz, gelatin in the process bcing described. If some 
of the adsorbent material were to be present in the dis- 
persion, then the phosphor particles would became couted 
therewith, As a conseqience, both the phosphor par- 
teles and the support surface (faceplate 14) would be 
similarly coated and present the same type surface. Thus, 
no adsorbent attraction would take place. 

The processing steps as described above result in a thin 
celatin film and a layer-like deposit of phosshor particles 
thereon, The layer of phosphor particles is substantially 
of monoparticle thickness, After a@ sufficient number of 
phosphor particles have been adhered to the gelatin Alm 
to produce a certain particle concentration, further phos- 
phor deposition on the gelatin film substantially ceases, 
For some applications such a deposit of phosphor particies 
is sufficient. However, for other applications denser or 
thicker phosphor layers are preferred. 

The particle density may be increased by adding to the 
above-described meshod a series of alternate acid and 
phesphor dispersion washes. Substantially complete cov- 
erage of the substrate can thus be obtained. Each acid 
wash acts to renew the affinity of the gelatia film for 
additonal phosphor particles so that further adsorption 
can take place, 

Acid washes with acetic acid solutions having a pH of 
about 4 may be used in making the alternate acid washes. 
I have further found that several, for example three or 
four, of such additional acid washes and phosphor dis- 
persion washes appear to produce maximum density of 
the monoparticle thick phosphor deposit om the gelztin 
fila. Additional alternate acid and phosphor dispersion 
washes deposit few, if any, phosphor particles onto the 
gelatin film, 

As an alternative to the _ bove-described alternate acid 
and phosphor dispersion washes, particle density may be 
increased by acidifying the original phosphor dispersion, 
ic., giving it a pH Icss than 7, either before it is applied to 
the gelutin-filmed substrate or while the dispersion is still 
in contact with the filmed substrate. For example, I have 
found a pli of about 5 to be suitable. Too great of an 
acidification of the dispersion, e.g., to a pH{ of much less 
than 3, may detrimental, affect the phosphor material, 
By this simplified procedure, a sufficient number of phos- 


a 
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30 


40 


phor particles can be adsorbed from a single phosphor . 


dispersion application to produce a dense monoparticle- 
thick phosphor particle sublayer of substantially the same 
density quality as that produced using a series of alternate 
acid and phosphor dispersion washes, , 

Thicker phosphor layers may be obtained by following 
either one of two procedures. For example, thickness of 
the layer may be built up by alternately repeating the pela- 
tin and phosphor dispersion washes. Teachings regarding 
water washes and proper pH adjustment of the gelatin solu- 
tion according ta the method steps set forth above are 
followed, 

Alicrnatively, the thickness of the phosphor particle 
layer may be built up in the form of superimposed sub- 
layers of particles. By this alternative procedure, a dense 
monoparticie-thick sublayer ts first laid down on a gelatin 
film by following cither the alternate acid and phosphor 
dispersion wash steps or the simplified phosphor disper- 
sion acidification procedure as described above. After 
one such sublayer has been faid down, it is given a water 
wash, A secend gelutin film is thea applied on top of 
the first sublayer and then a second dense phospho: par- 
ticle sublayer is deposited onto the second gelatin file. 
This procedure may be repeated any desired numter of 
times to superimpose any desired nun.ber of dense phos- 
phere yarticle sublayers. 

In order to imsure adherence of the phosphor particles 
to each other and to their support surface after the re- 
sulting screen is finish-processed into a calhoJe ray tube, 
various alternative means cat be emp oyed. For exam« 
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pie, Uke depesifent phosphor layer or layers can be given 
a final wash with a sificate selution, c1, a 2 percent polas- 
sium silicate schition, Mo cubscquent water wast is meces- 
sary, Or in fact decited, Jest the silicate be removed. 
Alfernatively, the pho.rbor layers can be washed with a 
gelotia hanlener such as a small arsount of 2 percent 
chrome alum or a 37 percent formatdehyde solution, 
after which the sercen may be given a water wash, If 
desired, an additional ceating of gelatin can be applied 


just before the formaldehyde or chrome alum wash, -—-- 


Another aiernative procedure for tmproving adherence 
is to 2pply to the substrate after application to the sub- 
strate of a phospher dispersion wash and before applica- 
tion to the substrate of a subsequent additional gelatin 
solution wash a dispersion of extremcly fine particles 
which are smaller than the phosphor particles being laid 
down, The extremely fine particles are preferably— 
though they need not necessarily be—lumincscent and of 
the same phosphor as that of the phosphor layer oeing 
Isid down, Ihave found that colloidal silica may be satis- 
factorily used for the extremely fie particles, Such fine 


. particles are adsorbed by the gelatin film between the 


phosphor particles and ect both to better secure the phos- 
phor particles to the gelatin film and to improve packing. 
This procedure for improving adherence is particularly 
uscful in combinatioa with the above-described simplified 
procedure of phesphor dispersion acidification for obtain- 
ing dense monoparticle-thick sublayers, I have found 
that by acidifying a 30 mg./ce. phosphor dispersion, sub- 
stantially all of the phasphor particles will be removed 
therefrom and adsorbed on the gelatin film. Thus, a dis- 
persion of the extremely fine particies, ¢.f:, colloidal silica, 
can be applied to the thus resulting phosphor sublayer 
by Icaving in contact with the substrate the dispersion 
medium (water) of the phosphor dispersion from which 
the phosphor particles were removed and dispersing there- 
in a quantity of. colioidal silica to provide the disgersion 
of extremely fine particles, This procedure for improv- 
ing adherence can be used in fieu cf, or in combination 
with, the cbove-described alternative procedures of wash- 
ing with potassium silicate, chrome alum, or formalde- 
hyde, 

_ A specific example of making a sercen of the continu- 
ous extending layer type by the filmed substrate method 
will now be described. 

Pour grams of gelatin are added to 400 milliliters of 
water, ‘This is agitaicd and then allowed to stand for 
thirty minutes. The gclutin-water solution is theu warmed 
to 60° C. and maintuined at this teniperature for 15 min- 
utes. This insures that the gelatin will be comipletely dis- 
solved. This t percent gclatin solution is used either as 
is or is diluted as hercinafter specitied. 

A Slue emitting phosphor layer of zine sulfide activated 
with silver (such as used in the commercial color kine- 
scope 21CYP22) is laid down on the faceplate as fol- 


jows, Twenty grams of the blue pnosphor is given two 


washes in separate 240 milliliter quantities of water, With 
each wash, the phosphor is ugitated in the water, permitied 
to settle for a few minutes, the water and fine particles 
suspended therein decanted, and the remaining settled 
phosphor recovered for subsequent use. The recovered 
phosphor, together with 0.06 gram of sodium pyrophos- 
phate is dispersed in another 250 milliliters of water, The 
rodium pyrophosphate serves to prevent agglomeration of 
the phosphor, particles during a subsequent bali-milling 
thereof. 

The phosphor dispersion is then subjected to a ball- 
milling for 72 minu.ss, then diluted with another 250 mil- 
Iiliters of water, and centrifuged at 1800 rpm. for 16 
minutes. All particles telow approximately 0.4 of a 
micron in diameter tosether with the excess of sodium 
pyrophosphote and water are discarded. Particles of 
epproxiniately 9.4 to 5 or 10 microns are recovered from 
the centrifuged material for subsequent use. 
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Some of the 1 percent celatin solution is adjusted by 
the addition of giacial acetc ac'd to bring the solution to 
a pH of approximately 4. A standard Z1 inch rectangular 
faceplate pancl is then coated with a filmi of this gelatin 
solution by covering it with the solution and gently tilting 
and spianing it (c slosh the solution thercover. The 
gclatic-coated faceplate is then washed with a flush of 
water. The gelatin coating step is then repeated to insure 
that the faceplate will receive a complete coverage with 
gclatin. This docs not, however, act to provide a thicker 
eclatin coating on the faceplate. 

The gelatin-coated facenlate is then covered with water 
to a depth of about 2 inches, Five grams of the centri- 
fuged blue phosphor powder are dispersed in $00 mulli- 
liters of walter and sprinkled over the surface of the water 
in the faceplate, This is allowed to set for about 15 mine 
utes, then mest of the water is poured off, The remaining 
water and phosphor particles are then agitated by slosh- 
ing the dispersion over the faceplate by gently tilting and 
spinning the faceplate. 


After a laycr of the blue phosphor particles is adhered 


to the’ gelatin-filmed faceplate, the phosphor layer is 
washed with water to remove all louse particles therefrom 
and then coated with a 2 percent potassium silicate saly- 
tion to improve adherence, The faceplate is then set oa 
its edge and aSlowed to dry at room temperature, 

The above-described gelatin, phosphor, and silicate coat- 
ing steps are repeated once sco as to produce a desired 
thickness layer of the bluc phosphor particles on the face- 
plate. j 

A first. separator layer of vermiculite is then laid down 
on the blue phosphor layer as follows. Two-hundred 
fifty milliliters of standard commercial expanded vermicu- 
lite (such as that manufactured and sold by the Zonalite 
Company of T :nton, New Jersey, and designated Terra- 
Lite) 3s added to 250 milliliters of water and mixed in a 
“Waring™ household-type blender for 30 minutes. The 
vermiculite-water mixture is ther centrifuged for 10 
minutes 4t 900 ~p.m, This leaves ia suspension vermicu- 
lite particles, the Jargest of which have a mass equivalent 
to that of about one micron spheres. However, the 
vermiculite particles are actually flakes with the preatest 
dimension of .he largest ones probally being about ten 
microns. This suspension {s then concentrated by further 
centrifuging for one hour at 18Gu 1.g.m, to produce a con- 
certration of about 18 milligrams per milliliter, 

The faceplaie is then again washed with the 1 percent 
gelatin sotuion having a pif of about 4 and then with 
water as before. The faceplate is then covered with the 


vermiculife suspension and soun ai about 150 r.p.m. to. 


provice a uniform depth of the vermiculite suspension 
over the surface thereof. After 15 minutes, the vermicu- 
lite suspension is removed and the faceplate is washed 
in water to remove all vermiculite particles not securely 
adhered to the gelatin film. Some particles of the ver- 
miculite are, however, Ieft adhering to the gelatin film 
on the blue phosphor layer. These steps of washing with 
gelatin solution, water, vermiculite dispersion, and water 
are repeated to provide § applications of vermiculite par- 
ticles to produce a vermiculite layer having a total weight 
of about 0.17 milligram per square centimeter, 

A green emitting phosphor layer of zine ortnosilicate 
activated with manganese (stch as used in the commer- 
cial color kinescope 21CYP22) is then Jeid down en the 
first separator Jayer as follows, Twenty-five gramis of the 
green phosphor are added to 250 mill. diters of water and 
ball-milled for 74 hours. This is then allowed va «2itle 
for 48 hours and the top % cf the suspension removes for 
subsequent use. This produces a dispersion of green 
shospher particles which are not larger than about cne 
half micron in size, 

The faceplate is then washed with a 0.1 percent gelatin 
solution and then given a water wash to remove all ex- 


“ne- af tha oalatin leaving a thin gelatin film Ciercon, ‘The 
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faceplate Js then dried to sot the gelin, amd thea given 
enother w. tr wash, and spina torsmove be excess water, 

The faccplate is covered sith the green phosphor sus- 
pension and agitated by spinuing in a manner as Lesein- 
before desericed in providing the vermiculite iayer. The 
excess of the yreen phosphor suspensian fs removed froin 
the faceplate and the faceplate washed wilh water to re- 
move loose nonadhering gereen phosphay particles. 

The steps of washing with gelatin solution, water, green 
phosphor dispzrsion, and water are repeated to provide 6 
applications of green phosphor partictes to produce a layer 
having a total weight cf about 0.29 milligram per square 
centitneter, ‘This gresn phosphor Jayer is then washed 
with a 2 peccent potassium silicate solution and drica. 

A second vermicutite separator layer is then applied to 
the green phosphor layer in the same manner as the first 
separator was applied to the blue phosphor layer, eacept 
that a 0.1 percent gelatin solution is used. Three applica- 
tions of the gelatin and vermiculite particles are applicd as 
before to preduce a separator layer of about 0.44 milli- 
gram per squares centimeter, After the last application of 
verrticulite particles is made, the surface is washed with a 
2 percent solution of potassium silicate, 

A red emitting phosphor Jayer of vinc-magnasium-cad- 
mium-silicatz phosphor activated with manganese fs then 
laid down on the second separator layer as follows: a 
13.65 grarr, quantity of this red phosphor is mixed with 
273 milliliters of water and ball-milled for 70 hours. 
This phosphor water mixture is allawed to settle for 96 
hours ard the top 34 recovered far subsequent use. This 
produces a dispersion of red phosphor particles which are 
not Jarger than about one-half micran in size. 

Six applications of gelatin and red phosphor each are 
taid down on the second vermiculite separater Jayer ia a 
manner similar to that used in laying down the green 
phosphor Sayer, The six applications of the red phos- 
phor particles produce a Jayer of about 0.35 milligram per 
square centimeter. The red phosphor layer ts then washed 
with a 2 percent solution of potassium silicate. The face- 
plate is then drained and dried at room ‘cmperature, 

The faceplate having superimposed biue, green, and 
red phosphor layers is finally aluminized according to 
known techniques. A jiim of nitrocellulose is spread aver 
the red phospher layer by floating it on a pool of water 
and then decanting the water out from under it. A layer 
of aluminum is then evaporated onto the nitrecctulose 
film, The coated faceplate is then assembled into a 
finished cathode ray inbe along with the other parts tiete- 
of and subjected to the usual bake-out and exhaust and 
other tube processing steps commonly employed in the 
industry. 

Filined particle method 


To make a single ohosphor layer, such as the laver 40 
of FIG, 2, by the filmed particle method there is first ap- 
plied to each of the individual phosphor particles an ad- 
sorbent coating which will have an attraction to a support 
surface, such as the faceplate 14. The phosphor particles 
to be so filmed may be bathed with a gelatin in water 
solution. The gelatin salution mav be similar to that de- 
seribzs in the laving down of particle layers by the filmed 
substrate method. The phosphor particles are agitated in 
the gelation solution for a short period of time and then 
removed from the gelatin solution and thoroughly washed 
to remove ai] nonadhering gelatin therefrom, Fach in- 
dividual particle {s couted with a thin film of gelatin. 

The gelatin-filmed phospher particles may then be de- 
posited on a support surface euch as the faceplate 14 by 
first disesrsing the filmed phosphor particles in water and 
tov bathing the faceplate 14 with the dispersion, Siac2 
the gelatin tlm on the particles is adsorbent, the fired 
particles will be attracted to and adsorbed by the se wrort 
surface in a monoparticle thick layer Uhereon. The ‘ior- 
duveh washing of the filmed particles referred lo abeve is 
fo prevent excess nonadhering gelatin from coata:ciaat- 
ing the subsequent deposition dispersion ‘Lu allow such 
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weatld rewult in both the particies and the 
2 being tiaed with gelatin tls preventing 

“sor ouisorptive altraction, 
scording to one example, a filmed particle subfayer 
ovided as follaws. A 1.0 pereent solution of gclatin 
ater is adjusted to a pH of 4 by the addition of glacial 
‘ nuld. fhe phosphor particles ta be filmed are 
ed ‘nu a container together with the gelatin solution 
anjlated for 10 to 15 minutes. The dispersion of 
phosphor particl:s in the gelatin solution is then per- 
ed to settle if the pecticies are sufficientiy Jarge. If 
particles are too small to settle, the dispersion is cen- 
sped. The excess pelatin solution is thus removed 
wv the coniainer. The remaining particles are then 
-ovuehly washed by agitating the particles in the con- 
er along with four or five separate quantities of wash 
er. The filmed particles are chiecked as to their free- 
n from all unadhering gelatin by using test samples 
reof to determine if the particles, when dispersed in 
an water caa be adsorbed from the dispersion onto a 
an support surfuce. 
Each washing of the filmed particles is performed by 
persing the particles in an amount of water to provide 
soncentration of about 59 milligrams of filmed partictcs 
reach cubic centimeter of water. When a test of one 
such vispersions results in good adsorptive action, the 
apersion is then used for the application of the phosphor 
-rticles to a support surface by the filmed-particle ad- 
ptive adherence method, 
The particle density and/or thickness of the deposited 
yer may be increased by repeating the deposition cycle, 
ince the deposited particles in the filmed particle method 
ave a particle-adsarptive film thereon, they will not 
itract additional filmed particles. Wowever, unfilmed 
articles will adhere to the Slmed particles, Thus, a 
wer may be built up by contacting the support surface 
cith a dispersion of filmed particles, rinsing, then cons 
acting the support surface with a dispersica of unfilmed 
vurticles, rinsing, and tuen repeating this sequence of 
Acps. 


MODIFICATION OF THE METHODS 


Becatise a phosphor layer may comprise sublayers of 
phosphor particles, in order to obtain a relatively uni- 
fonnly ibick phosphor laycr, it becomes desirable to pro- 
vide reJalively uniformly thick sublayers. If the phos- 
phor particles from which the sublayers are made range 
creatly in size, then a given cublayer may be relatively 
nonuniform in thickness. Should a thick portion, as pra- 
vided by a relatively large particle, of one sublayer chance 
io exactly overlie a correspondingly thick portion of the 
adjacent sublayer, then a thickened pottion of the resull- 
ing phosphor ayer results. Although, statistically, the 
occurrence of such a possibility is low, suct: possibility 
can te minimized by providing the phosphor particles 
within a relatively small range of sizes. With respect to 
nowuniform layer thicknesses, the size range is such as 
to include large particles or smal colloidal particles be- 
couse the range of particle sizes Is more important than 
the abolute particles sizes. The rang? of sizes of the 
chetphor particles ts maintained within minimum pravtl 
cal Hinns. [ have found particle layers to be of quite 
unifarin thickness where a substantial portion of the 
smallest particles are not Jess than about one fourth the 
size ot the Jargest particles. The practice of Imiting 
the range of the particle sizes is applicoble to either the 
filmed substrate or filmed particle methods of the 
invention, ‘ 

In secocdance with a modification of the method, both 
phosphor lujer thickness uniformity and nonporosity 
cain be improved. Such modification involves a change 
only in the step of bathing the support survace with the 
nho- pbor dispersion, 
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‘The support surface is first bathed with a first disper- 
sion containing phosphor porticies ef civen sizes. “This 
bathing with phosphor dispersion is hew.tod doa the usual 
way as hicreinbefore described. It my involve cither 
the filmed substrate oc filmed particle micthods of the 
invention. After bathing with the first dispersion, the 
support surface is tathed with a second dispersion ccn- 
taining smailer phosphor particles than said given sizes. 
An acid v.ash may be used to promote adherence of phos- 
phor particles from the sccond wash. Bething with the 
smaller particle dispersion serves to fill in the interstices 
between the previously applied larger particles, thus 
reducing porosity and improving sublaser thickness uni- 
formity. Because no adsorbent is applied to the support 
surface between the baths with the first and second dis- 
persions, the smaller particles will adhere only where a 
large particle has not already adhered to the support 
surface. There will be substantiaNy no build-up of the 
smaller particles on the Jarger particles. 

In practicing this two-size particle modification of my 
inyenticn, the earlier descrived preferred practice of using 
a small range of particle sizes in the phosphor dispersion 
can be advantageously used with respect to both the first 
and second dispersions. 


MULTIPLE-COATED PARTICLE LAYERS 


The ‘screens so far described have been of the extended 


layer type, which comprise a phosphor layer extending | 


continuously across an entire substrate or faceplate. In 
the case of multilayer screens for ponetration-lype 
cathode ray tubes, a plurality of such layers are super- 
imposed. However, instead of forming multilayer 
screens in this way, they may, according to other features 
of ihis invention, be formed by first cozting base particles 
(which serve as inner bodies), such as minute glass beads 
or particles of phosphor, with separator and other phos- 
rior layers, and then depositing these ccated base parti- 
cles on the vabsirate in an. extending continuous layer. 
Such sereens, wherein phosphor layers are superimposed 
on individual particles, are, for some considerations, pre- 
ferred forins of multilayer screens, Such screens may be 
referred to as multiple-coated pariicie screens. 

‘Luminescent screvas for penctration-ype kinescopes 
as herein disclosed, whether of the extended layer type or 
of the multiple-coated particle type, imay be considered 
as coniprising a multiplicity of fractional areas of super- 
imposed phosphor layerc. In the case of multiple-coated 
particle screens, such ¢ fracttonai area may comprise one 
er more of the mulliple-coated particles. 

F1G. 6 illustrates one form of Juminescent material 
whercin glass particles are used as ihe bases for the seve 
eral phosphor Jayers. The beads worrespond to the sup- 
port surface or substrate that was the buse for screens 
hereinbefore descritel, The beady used may, for ex- 
ample, be avout 40 microns in diameter. For example, 
in FIG. 6 a multiple-coated purticie comprises a glass 
bead 70 which has formed thereon, in the order named: 
a layer of a first phesphor 71, a first noniuminsscent sepa- 
tor layer 72, a layer of a second phospher 73, a second 
noniuminescent separator jayer 74, and a Jayer of a third 
phosphor 73. The first, second and third phosphors each 
emit Nght of a color different from the others. Thus, an 
elemental multilayer screen is formed on each bead. If 
desired, a third nonluminescert Jayer 76 micy be appfied 
over the outer phospher layer 75 to protect the particles 
during subsequent handling and screea-making opera- 
tions, 4 

Instead of using a nonluminescent glass bead as the 
base and support surface for the several phosphor layers, 
a phospuor particle Rself can te used for this purpose. 
In such case, the base phosphor particle serves not only 
as the base support surfare but is suitably chosen to serve 
also as the first phosphor layer, corresponding to the Jayer 
Ti of FIC. 6. This is Nustrated in FIG. 7, 
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; ma muldpte-coated 
wot ors a pore BO cf a fost phospls 
stanest Cactean, in Ghe order vacedd: a first sowie 
nescent scparater fayer 61, 9 layer &2 of a second phos- 
phor, a secund nonluminescent separator layer 83, a layer 
84 of a third phospior, and a third nonfuntinescent layer 
85 to serve ay a protective conting. ‘Whe particle £9 may, 
for examiple, be from 5 to 40 microns in size, Each of 
the Uiree phospttars luminesces in a differenti color. 

FIG. 8 illustrates a aultitayer luminescent screen made 
of the multiple- coated phosphor particles of FIG. 7, 
Because of the relativety small size of FIG. 8, the plu- 
ra hty of coatings on the multiple- conicd particles thercof 
are represented schematically. The same general type of 
screen may be made from the multiple-phospher-coated 
glass beads of FIG. 6. 

The screen cornprises a layer 91 of coated phosphor 
paruicies deposited on a substrate 92 such as a faceplate 
of a scthode ray tube. By way of exa.nple, the layer 91 
is shown to have a thickness of subs! antially two particles. 
A screen thickness of two or more multiple-coated par- 
licles reduces the porsiblity of xanluminescent area spots 
in the screen. Each multiple-coand particle forms ia 
effect a minute multilayer screen complete in fiself which 
constitutes a minute fractional area of the entire screen: 

An organic heat-decomposable film 93 is laid down 
over the coated particles. This may, for example, be of 
nitrocellulose or methyl methacrylate. An aluminum 
layer 94 is evaporated onto the film 93. The film 93 is 
then removed by volatilization and exhaust during tube 
bake-out and exhaust, The steps of providing the heat- 
decomposable film 93 and the aluminum layer 94 may 
be similar to those tised in the manufacture of other kinds 
of cathede ray tubes. 

Yhe multiple coatings of either the coated glass beads 
69 or the coated phosphor particles may be applied using 
the gencral steps of use methods as hereinbefore de- 
scribed. That is, the ccatings may comprise layers of 
particles applicd by the surface adsorption principle using 
films of protective colloids to provide the adsorptio:. 
Moreover, adsorplion applied laver coatings on base par- 
ticles may he applied by either the filmed substrate (base 
particle) or filmed particle methods of the invention. 

The phosphor and separator miateria! particle disper- 
sions showid contain particles of a substantially smaller 
size than the glass beads 70 or base phosphor particles §0. 
Preferably, the dispersions contain phosphor and sepa- 
rator particles of colloidal size, and base glass or base 
phosphor particles are of about 40 microns in size. 

The steps of coating cither the glass beads 70 or base 
phosphor particles 80 are essentially the same, The ex- 
ception is thet the glass beads 70 are piven a first phosphor 
counting which is not necessary when phosphor particles 
themselves are used as the base and support surface for 
the multiple coating layers. The steps of applying the 
costings are substintiaily the same as those used to lay 
down extending continuous layers directiy on a faceplate 
except that the particle adsorption steps are carried out 
jn a container other than the cathode ray tube bulb to 
he used for finished product. 

Tn an example of making a multiple-coated particle 
screen, the following description is detailed with respect 
to the production of the coated phosphor particles of 
FiG. 9 Although this invention is not limited to any 
particular order arrangement of the different phosphgr 
layers, for convenienee of descriptian, a structure of blue- 
emitting phosphor base particle with grcen-emilting and 
red-cmitting phosphor layers superimposed in that order 
will be described. 

In such a structure, blue phosphor base particles are 
first put into a container and bathed with a particle ad- 
scroing liquid, such as a gelatin in water solution. The 
mixture js ogifated to wash the particles with the Hquids 
the particles are then allowed to settle; and the excess 
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adsorbent film is 
ae set foolty 

— then teadhed or washed 
in Water, water Wash may bs repeat eo several Lines. 

Neat, the first scpaiator Jayer is laid down on the blue 
phosphor base particles by a similer bathing or wash pro- 
cedure, A suitable nonluminescent material such as silica 
or nrica colloids dispersed in water is put into the con- 
tainer along with the filmed blue phosphor base particles. 
‘The materiais in the container are agitated to coat the 
individual phosphor base particles with colloidal separator 
particles, The blue phosphor base particles are then 
allowed to settle and the cxeess separator dispersion is 
poured off, The blue phosphor base particles are then 
washed in water. Additional applications of separator 
particles, as desired, may be {aid down to increase the 
separator layer thickness. This is done by again bathing 
the bluz phosphor particles successively in the particle 
adsorbent Meuid, water, the separator dispersion and 
water. As herejabefore detailed, either a plurality of 
alternate acid and phosphor dispersion washes or the 
simplified phosphor dispersion acidification procedure 
imay be used to produce dense sublayers of the phosphor 
deposits. 

When the first separator Jayer is thick enough, the 
green phosphor coating layer is applied on the first 
separator layer of the blue phosphor base particles. This 
is done in a manner similar to that by which the first 
separator layer was applied. The blue phosphor base 
particles are subjected to a series of agitated washings in 
baths of the particle adsorbent liquid, water, a dispersion 
of colloidal size green phosphor particles, and water, 
Sufficient number of applications of green phosphor 
particles are thus applied (it desired, procedures hercin- 
before detailed to obtain dense sublayers may be used) to 
build up the green phosphor Jayer to a desired thickness, 

The sccond separator layer is thea laid down over 
the green phosphor layer in a way similar to that in which 
the first separator layer was Jaid down. 

Next the red phosphor tayer is formed on each in- 
dividual coated particle. The red phosphor layer is laid 
down cver the second separator layer in a way similar 
to that in which the green phosphor layer was laid down 
aver the first separator layer. Afler the final applica- 
tion of red phosphor particles, the couted blue phosphor 
base particles are washed in water to remove any remain- 
ing louse red phesphar colloids. This final wash step 
Taay be repeated a number of times, if desired, 

After the final application of red phosphor material 
has been made, the coated particles may be given a final 
treatment to insure adherence of the phosshor particle 
layers. This may be done by washing the coated particles 
with a solution of formaldehyde, chrome alum, or potas- 
sium silicate as hereinbefore detailed. Alornatively, a 
final coating of the nonfuminescert separator material 
may be applicd over the red phosphor Jayer. Either the 
hardened gelatin cr nonluminescent separator material 
coning serves to avoid any washing away of the red 
phosphor layer in the subsequent process of putting the 
coated parlicies on a faceplate, Steps used to improve 
phosphor particle adherence as hereinbefore described 
may optionally te performed at various times throughout 
the process of applying the particle coatings to the bas¢ 
particles. 

After the final coating has been provided, the multiple- 
coated particles are deposited on the faceplate of a 
cathode ray tube in any one of a number of ways. For 
example, they may be applicd by either slurry or settling 
techniques. Then, the Jayer of multiple-coated particles 
may be fimed and aluminized as shown in FIG. 8, 

The coated particies may be stored either wet or dry 
until itis desired to put thei on a faceplate. If stored 
wet, they simply remain in some of the final wash water, 
7? stared dry, the water is decanted and they are simply 


Viquid is then poured off leaving a particle adsorbent film 7§ dried at, for example, room temperature, 
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One specific example will now te described for pre- 
paring niultiple-coated phosphor particles: 

Bluc-emilting zine sulfide phosshor activated with silver 
(commercially designated as Z-20) is used for the base 
particies on which subsequent phosphor coatings are to 
be applied. This phosphor material has a size distribution 
ot about § ‘o 20 microns, Fifty grams of this material 
aid Washed in water and allowed to settle. The wash 
water together with sny extraneous material suspended 
therein is discarded to leave only the desired 5-20 micron 
particle size material, 

‘These SO grams of the blue phosphor particles are 
then placed in a boltle together with a quantity of 01 
percent pelatin-in-water solution having a pH of 4. This 
is agitated for 10 10 15 minutes and then allowed to settle 
for about 5 minutes. The gelatin solution is then poured 
off leaving the wet blue phosphor particles with 9 gelatin 
film thereon. The gelatin-filmed paiticles are then given 
three separate water washes in the bottle to rid them of 
nonadherent eclatin material. 

A first silica separator layer coating is then applied 
lo the base blue phosphor particles as follows: 

A dispersion of colloidal silica in water which has 
been adjusted to a pH of 4 with glacial acetic acid is 
poured inlo the bottle containing the filmed particles, 
‘The silica in water dispersion is of a concentration of 33 
milligrams of silica for cach milliliter of water. The 
container is agitated for 10 tc 15 mirutes and the bluc 
phosphor base particles then aliowed to settle for about 
§ minutes.. The silica-in-water dispersion is poured off 
and the blue particles washed three times to remove all 
nonadherent silica therefrom. A deposit of colloidal 
silica particles is left adhering to the gelatin-filmed blue 
phosphor particles. The sr-cessive washing of the blue 
phosphor particies in baths of gelatin solution, water, 
silica dispersicn, and then water is repeated six times to 
build up a layer of colloidal silica particles of about 0.2 
milligram per square centimeter. 

‘The silica-coated blue particles are then coated with 
a jayer of green-emitiing mangancse activated zinc 
orthesilicate phospbor as follows: 

A suspension of the g: en phosphor as described in 
the making of extended layer sercens is first centrifuged, 
to leave in suspension particles up to 0.8 micron in size, 
This remaining suspension is selected and then further 
centrifuged to provide a concentration of about 20 milli- 
grams of phosphor per milter of water, Six applica- 
tions of green phosphor particles are then laid down on 
the silica coated blue particles by repeating a series of 
gelatin solulicn water, green phosphor dispersion, and 
washes in a manner generally similar to the iteps used in 
laying dewn the first silica separator layer. A Jayer 
of green phosphor particles having a total weight of about 
0.3 milligram per square centimeter is thus provided. 

A second separator coating of colloidal silica is then 
deposited on the green phosphor layer. The procedure 
is generally the same as was used to deposit the first silica 
separator Jayer on the blue base particles, with the excep- 
Hien that the silica-in-water suspension is adjusied to a pH 
of 5.5 and 8 applications are applied to produce a col- 
joidal silica layer of about 0.2 milligrara per centimeter. 

A red phosphor layer is then laid down on the second 
silica separator layer using a suspension of zinc-mag- 
nesium-cadmium silicate phosphor activated with manga- 
nese as described with reference +> the making of con- 
tinuous extending laycr screcus. The base narticles are 
successively washed by successively introducing into the 
bottle, agitating and removing, washes of a G.1 percent 
gelatin solution having a Ph of 4, water, the red phosphor 
suspension, and water. Six applications of the red phos- 
“‘phor are made to produce a layer of about 0.4 milligram 
per square centimeter. 

As a final coatiog, the base Size phosphor particles 

; Tot. saletian are then in a colloidal 
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Multiple-caated part cle screens offer a number of ad- 
vantages. For example, the process of preparing the mul- 
tiple phosphor layers need not be performed in the tube 
fabrication plant. Thus, tute fabriceting per se is greatly 
siniplified. The coste:l particles can be made beforchand 
aud a quantity maintained on hand for use in tube mant- 
facturing. Thus, because the phosphor layer processing 
is separated from the tube fabrication process, a break- 
down of one docs not necessarily affect the other. More- 
over, these separate processes can be carried cut simul- 
tancously thus lessening the complete fabrication time of 
a finished tube. Moreover, if desired, existing facililes 
used in the manufacture of bluck and white cathode ray 
tubes may be used for laying down the coated particles. 

Anether advantage of multiple-coated particle screens 
is the case with which they can be made to provide color 
emission uniformity during operation of the tube. ivfulti- 
ple-coated particles can be casily made with good phos- 
phor layer thickness uniformity from coated particle to 
coated particle. This thickness uniformity is in turn pro- 
‘vided over the entire area of a sereen which is made of 
the multiple-caated particles. 


PHOSPHOR LAYERS 


In phosphor layers prepared by the method of FIG. 5, 
the atticies are essentially in contacting relation with each 
other. No substaatial amount of binder material exists 
between particles. The adsorbent films are extremely 
thin, even compared to colloidal phosphor particles, aud 
constitute negligible perceniages of the total mass of the 
phosphor layer, 

Laboratory examination of both a sublayer of colloidal 
phosphor particles and an adsorbent gelatin film has indi- 
cated that the Alm thickness is a very sinalt fraction by 
weight of the phosphor sublayer. The adsorbert films 
are believed to be about 10 to 20 Angstroms thick. 

FIG. 9 is iustrative of af] or a part of a phosphor layer 
built up of superimposed dense monoparticle-thick sub- 
inyers. The phospho! jayer may, for example, coristitule 
all or part of the layer 40 of FIG. 2 or the jiayer 54 of 
FIG. 3. As shown in FIG. 9, the layer comprises three ad- 
sortent gelatin films alternated with three dense phosphor 
particle sublayers of the same phosphor material which 
have been laid down oy the filmed substrate method using 
alternate acid and phosphor dispersion washes. : 

In laying down the layec of FIG, 9, an adsorbent gelatin 
film A is first provided on the substrate 14, shown speciff- 
cally in FIG. 9 as a faceplate. A subsequent bathing of 
the adsorbent film A with a dispersion of phosphor parti- 
cles will result in the phosphor particles a, adhering there- 
to.. A subsequent acid wash and then a second washing 
with the phosphor dispersion as bei inbefore described will 
result in the phosphor particles aq adheving to the gelatin 
film A. Likewise, phesphor particles ay will be deposited 
on the gelatin film A by a third phosphor dispersion wash 
after a second acid wash. Such alternate acid and phos- 
phor' dispersion washes are repeated until substantially no 
additional phospner deposit occurs. Phe result is a rela- 
lively dease nonopurticle thick sublayer of phosphor par- 
ticle ay-a-—a;, gle., which provides a substantially com- 
plete coverage of the adsorbent gelatin film A. In similar 
manner, the adsorbent gelatin film B is deposited on this 
first sublzyer. of phosphor particles a,-az-a3 and a second 
monoparticle tiick sublayer of phosphor particles by-b2- 
bs is adhered to the adsorbent film B. These steps are 
again repeated to provide the adsorbent gelatin film C 
and ihe third sublayer of phosphor particles e;-cy-cy. If 
a thicker ghesphor layer is desired, additional dcnse sub- 
layers may be sucerimposed on the sublayer ¢y-cz-cy. 

The uniformity of thickness and degree of pacving of 
the particles of a Jayer of a given thickness can be stated 
in terms of the electron velocity voltage at which bom- 
barding clectrons begin to pass completely through the 
layer. This velocity .nay be dufined as the threshold pene- 
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Generally speaking, the clectran penetrability of a given 
faver is depcadent upon the fsyer’s averace niass thickness 
(ine procuct of the average taass-densiy and Une average 
thickress of a relative Turge area portion of the liver). 
Maess-density (hereinafier referred to simply as density) 
of a Jayer is determined by the kind of the material of the 
layer and by its packing (the ratio of volume of material to 
valume of space). A layer which has no spaces between 
particles thereof may be termed a perfectly packed iayer. 
Such a layer might be formed, for example, by solidifica- 
lion cf a molten miss of the material in question. Per- 
fectly packed layers which are further characterized by 
substantially perfect thickness uniformity may be defined 
as fayers of substantially perfectly uniform mass thickness. 
The ordinary ev:porated, light-reflective aluminum layer, 
commonly used in cathode ray tubes, and gold or aia- 
minum foils are examples of layers which have a substan- 
tially perfectly uniform mass thickness, 

When the average chiracteristics of relatively large 
areas of two layers are considered, a nonuniformly thick, 
loosely packed layer will impede the penetration of clec- 
trons to the same degree or absorb the same amount of 
energy from penctracing electrons, as a uniformly thick 
lightly packed layer, if the two layers have the same aver- 
age mass thickress. However, this does not hole true 
when clzmental areas of the layer are considered. As used 
herein, an elemental area is an area porticn of a layer that 
has thioughout its own area a perfectly uniform mass 
thickness. In particle layers, an elemental area is of the 
order of particle dimension or less in size. In perfectly 
packed Jayers, such as gold foil, elemental areas approach 
molecniar dimensions in size. : 

Loosely packed layers are nonuniform in density, hav- 
ing some elemental areas where the density of the layer is 
greater than the average density of the layer and some 
clementanl areas where the density is less than the average 
density of the layer. Similarly, sonuniformly thick layers 
have some elemental areas of greater than the averace 
thickness and some elemental areas of less than the aver- 
age thickness. Both these types of nonuniformity, where 
they exist, contribute to nenunifermity of the nmiass thick- 
ness of a ayer. That is, the Jayer has some elemental 
areas where the mass thickness is greater than the avcrage 
mass thickness of the layer and some elemental areas 
where the mass thickness is less than the average mass 
thickness of the layer. When »r electron strikes a layer 
at one of the elemental areas cf lesser mass thickness, at 
may pass completely through the layer even though an 
electron of the same velocity nvipnht not pass through a 
laver of the same average, but uniform, mass thickness. 

Increasing the thickness of a particle layer increases 
both the absolute value of its (hreshcld penetration volt. 
age and also the ratio of its tnresheld penetration voltage 
to that of a2 layer of the same avesage but perfectly uni- 
form mass thickness. This is because the nonuniformily 
of the fayer due to less than perfect packing is, by making 
the layer thicker, evened out by a statistical distribution of 
the spaces beiween phosphor particles. However, in order 
co give satisfactory service in a plural iayer luminescent 
serecn of penctration-type cathode ray tubes, the indi- 
vidual phavphor layers should ke relatively thin in order 
fo permit color selection at the least possible voltage differ. 
ences and at the same time be sufficientiv uniform in mass 
thickness so as to minimize color impurity, It has been 
found thut such phosphor iayers preferably should be thin 
enough hat they have : threslie!| penetration voltage no 
ercater tnan about 10 Klovalts and ,et be of sufficiently 
uniform mass thickness that their threshold penetration 
voltage is at Juast half that of a luyer of the same average 
but perfectly uniform mass thickness. Phosphor particle 
layers may be laid dowa aceerding to my inventica whica 
exhibit threshold penctration voiages which arc only about 
3 hiiovolts, for exainple, and et which are from about 
two-thirds to three-fourths that of a layer of perfectly uni- 
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equal averase mass thicknesses of a given value: whereas 
a tayer of perfceily unifarm mass thickness may nave a 
thieshold penetration yvonne about &.8 kilovolts; a 
Inyer according lo my invention may have a threshold 
penetration voltage of about 6 kilovolis; and a prior art 
settied layer may have a thre-hold penciration voltage of 
only slightly greater then zero kilovolts, , : 

‘Chere have been made and successfully operated multi- 
colcr luminecent screcas of both the extended layer type 
and the multicoated-particle type and mcnochrome screens 
of the extended fayer type. Beth the filracd particle meth- 
od and the filmed substrate method have been used in mak- 
ing such screens. In each case sercens were obtained 
which: exhibited satisfactory adherence: have been satis- 
factorily used in cathode ray tubes; have been success- 
tully subjected to standard tube processing procedures 
such as bake-out, envelope scaling, and aging; and have 
given gcod operational results and satisfactory light out- 
put. 


LAYERS OF OTHER MATERTALS 


The novel method may be used to produce uniform thin 
iayers of materials for other enplicctions than for tele- 
vision. For example, in integrated circuits, micro-circuits, 
and some forms of transistors, thin insulating layers are 
required. These tayers are scmietimes produced by evapo- 
ration and deposition of the material in a vacuum. The 
novel method may be used to replace the vacuum evapor- 
tion process. The colloidal-size particles of the materials 
to be deposited are prepared, and the novel method may 
be used to proJuce thin layers of these particles. For 
exaniple, insulating layers c.n be prepared by using, in 
the novel method, colloidal silica (SiO2), such as a silica 
commercially known as Ludox, marketed by E. I. du Pont 
de Nemours & Company, Wilmington, Del. The average 
particle size of this commercial material is about 100 A. 
A second insulating material that nay be used in the novel 
process is an expanded mica known as vermiculite, which 
may be preparcd as plate-like colloidal-size particles. 
In faci, colloidal-size narticies of any of the matcrials 
uscd in the separator layers 56 and F& described above 
may he used as insutating layers for other applications. 

Conducting layers may likewise be made using the novei 
For example, colloidal-size particles of gold 
(average particle size about 100--2C0 A.) may be used. 
In preparing conducting layers, the avsorptive films may 
be removed subsequent to deposit on the Jayer by heating 


the structure to volatilize the film, or by washing the struce -° 


ture to dissolve the film material with a suitable solvent for 
it. For exanyple, the deposited layer or layers may be 
wushed with an aqueous selution of sodium hypochlorite 
to remove a substantial proportion of adsorbed gelatin 
film. The structures deposited according to the novel 
method are stable after removal of the adsorbent films, 
This is beleived to be due to the inter-molecular forces 
present in such structures. Colloidal-size particles of other 
metals may be used, such as zinc, platinum, or silver. 
With metals that have oxidized, the ceposiled layer may 
be heated in a reducing almosphere to convert the layer 
toa true metal. 

The novel method may be used to make thin magnetic 
layers. Such magnetic layers may be useful in magnetic 
memories in the field of computers, In the past, me- 
chanical limitations have limited the thickness of the 
layers of maznetic material which can be produced eco- 
nomically to approximately one mil. Layers of magnetic 
inaterial of almost any desired thinness less than one mil 
may be conveniently made using the novel method. For 
example, 0.) mil thick magnetic layers of ferrite particles 
may be made. As an example, colloidal-size particles of 
a square loop ferrite such as a magnesium-mangzanese-zine 
ferrite (described in U.S. Patent No, 3,031,406 to J. J. 
Sacco, Jr.) are deposited as a layer on a refractory sup- 
port using the novel method. Subsequently, the fayer is 
heated at elevated temperntuies to remove the adsorptive 


form mass thickness. Comparing phosphor layers baving 75 film material and to consolidate the layer, The layer may 
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he metallized to provide printed windings and termina- 
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taay Le used fo prepare thin fei foe 
Gu raers. ch fayers may be uscfolin ferrocleetic 
memories inthe computer ficld, As an example, colloidal. 
size particles of a ferreclectric material, such as a barium 
titanate or a lead titanate-zirconate (described in US. 
Patent No. 3,144,411 to F. Kulezar et al.) are deposited 
asa layer ona refractory support using the novel method. 
Subsequer'ly, the layer is heated at clevated temperatures 
to remove the adsorptive film material and to consolidate 
the layer. The layer may be metallized to provide elec- 
trodes and terminations thereto. 

In the field of photoconductors, thin layers of cadmium 
sulfide and cadmium selenide may be deposited on various 
base materials using the novel method. 

‘The adherence cf colloidal-size particles to the adsorp- 
tive film is independent of the position of the adsorbent 
film surface, as illustrated by the individual coarse parti- 
eles coated witn layers of phosphor particles and inert ma- 
terial (spacer) previously described. Because of this, it 
is possible to use the novel method to coat surfaces that 
are inaccessivle with other methods. 

‘the novel method may also be used to remove unde- 
sired colloidal-size particles from solutions in much the 
same way that certain resins are used for the removal of 
ions from solution. For example, in aqucous clay particle 
suspensions, colloidal-size clay particles, which are too 
small for fering, may be removed using the novel 
method. As an example, noncolloidal particles (for ex- 
ample sand) may be coated with adsorptive filmy and 
washed until all soluble film material is removed, leaving 
a thin adsorbent film on each grain of saad. The water 
containing the colioidal clay particles is then passed 
through the saad. The clay particles are adsorbed by 
the adsorptive film on the sand grains Jeaving clean 
water, 

The invention has been described in terms of specific 
examples and embodiments. However, various changes 
and modifications may be made therein without departing 
from the spirit and scope of the invention as defined by 
Le following claims. , 

— Usless otherwise indicated in the claims, the method 
steps recited therein need not be carried out in the order 
named. ‘ 

What is claimed is: 

1. The method of making a structure comprising the 
elernents of: (a) a support surface and (b) colloidal solid 
particles, said methods comprising the steps of: 

(1) coating one only of said elements with a protective 

colleid particle-adsorptive material, whereby at least 
a portion of said material is adsorbed to said one of 
said elements, : 

(2) then washing said one of said elements in a solvent 


for said material ta remove unadsorbed material from. 


said one of said clements, 

(3) then.dispersing said solid particles in a quantity of 
a liquid which is devoid of said material aad in which 
said particles are insoluble, 

(4) and bathing said support surface with said disper- 
sion to adsorptively adhere said particles to said 
support surface. 

2. Tne method of claim 1 wherein, a step 1, said suppait 

is coated with said particte-adsorpive material. 

3. The metbod of claim 4 wh-rcin, in step 1, said solid 

particles are ceated with said particle adsorptive material. 

4. ‘VYhe method of making a juminesceni sercea com- 

prising the clenents of: (a) a support surface and (b) 

Phosphor particles, said method comprising the steps of: 

coating one only of said: elements with a protective 
colloid patticle-adsorptive film, 

then washing said one of said eleracnts in a solvent for 
sind protectivs colloid, 

then dispersing said phosphor particles in a quantity of 
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29 
said solvent which is devoid of said protective 
cciloid, 
ard agitatedly barhiag caeb suppl § st with said 


dispersion to adsarptaely sducre sid phosphor pare 
ticles to ssid support surface. 

8. The method accarnting to claim 4 and wherein said 
support surface is the surface of a base phosphor particle 
which is of a sive greater than an J luminesces in a color 
diferent than do the phosphor patticles in said cispersion. 

6. The method of making a luminescent screen Come 
prising a layer of phosphor particles on a support surface, 
said method including the steps of: 

coating each of said phssphor particles with an adsorp- 

tive film to which said support surface will adsorptive- 
Jy adhere, ; 

washing said phosphor particles to remove the excess of 

the material of said adsorptive film therefrom, 

and agitatedly bathing said support surface with an 

aqueous dispersion of said filmed particles while 
maintaining said support surface free of adsorptive 
film material other than that adsorptively coated on 
said particles to adsorbently adhere said filmed parti- 
cles to said support surface. 

7. The method of making a luminescent screen com- 
orising the steps of: 

coaling a support surface with a particle adsorptive film, 

then removing that portion of the film material which 

is not adsorptively adhering to said support surface 
by washing with a solvent tor said material, 

and then contacting said film with an aqueuous a’s- 

persion containing phosphor particles which are sub- 
stantially free of adsorptive film material to adsorp- 
tively adhere said particles to said filmed surface. 

8. The method of making a luminescent sercen com- 
prising the steps of: 


covering a support surface with a solution of particle- 


adsorbent film forming material, 

removing the excess of said solution, 

then washing said support surface with a solvent for 
said material to leave an adsorbent film on said 
surface, 

covering said filmed surface with a dispersion of phos- 

phor particles iu a quatiily of a sol it for said 
material which is free of particle-adsorbent film 
forming material, whereby to adsorbently adhere 
phosphor particles onto said filmed support surface. 

9, The method of making a luminescent screen com- 
prising the steps of: 

batlang a support surface with an aqueous solution of a 

nutterial selected from the group consisting of gelatin 
and polyvinyl alcohol, 

then washing said support surface with water to remove 

any of said material which is non-adherent to said 
support surface, 

then covering said surface with on aqueous dispersion 

containing phosphor particles which are substantially 
free of said material, 

and then removing the excess of said dispersion after a 

period of time less than that which would be required 
for the deposition of a useful number of said phos- 
phor particles onto said surface from a similar dis- 
persion by a settling process. 

1@. A method of mahing 2 luminescent sercen cempris- 
ing a layer of phosphor particles on a support surface, 
said method including the steps of: 

bathing said surface with a solution of adsorbent-filtn- 

forming material to deposit a film of said niaterial on 
said surface 
then washing said surface to remove therefrom the non- 
adherent portion of the deposited film material, 

and then bathing said filmed surface with a dispersion 
of phosphor particles witich arc devoid of said ma- 
terial to adsorbentiy adicre phosphor particles onto 
said film. 

Af. The method of making a tuminescent screen includ- 
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into supporto member having a faver of pheeshar par- 
hicles theresn, sand method comprising the sieps of: 
sovering the surface of sald suppott member with an 
acidificd film of a protective coikaid, 
waching said Almed surface with water, 
agitated]y washing said filmed surface with an aqueous 
dispersion which is free of said protective colloid 
and which contaics phosphor particles which are to 
be deposited on said filmed surface, 
washing said fiinied surface with water, 
and repeating the ubove-named steps to build up a 
fayer of plospher particies to a desired thickness. 
a2. ‘Tire mevned of making a liminescent screen in- 
cluding a suppert member having a layer of phosphor 
particles thereon, said method comprising the steps of: 
covering a surface of said support member with a par- 
ticle-adsorbeai film, 


washing said surface to remove essentially that portion 


of the material of said film which is not adherently 
adsorbed ante said surface, 

covering said film surface with a dispersion which con- 

tains phosphor particles and which is substantially 
devoig of particle adsorbent film material, the 
smallest of the phosphor particles contained in said 
dispersion not being less than one fourth the size of 
the largest, 

and removing the excess of said dispersion to leave a 

at of particles adsorbed on said film. 

The method of making a structure coingrising a 
support member having a layer of particles thereon, said 
neihod comprising the steps of 

. bathing a surface of said support member with an 
aqueous solution of particle adsorbent film-forming 
sazterial to deposit an adsorbent film en said surface, 

then washing said surface with water, 

then bathing said film with an aqueous dispersion of 

particles which is substantially free of any adsorbent 
film-forming material to deposit a dense sublayer of 
particles on said film, 

and repeati 2 the above-named steps tot build up the 

thickness of said layer. 

148, The method of making a luminescent sereen in- 
cluding a sonore member having a layer of phosphor 
pinticles thergon, said method comprising the steps of: 

pathing the sutface of said support member with a 

solution of particle adsorbent material to provide an 
udsorbent film of suid material on said surface, 
then washing said surface to remove therefrom the 
non-adherent portion of the deposited filin material, 
then bathing said filmed surface with in adsorbent ma- 
terial free dispersion of phosphor particles of given 
sizes, 
and then bathing suid filmed surface with a dispersion 
of particles which are free of adsorbent material and 
which are sinaller than said given sizes, 

The method according tu claim 14 and wherein 
“tid Pp intictes svhich are smalfcr than said given sizes are 
phosphor particles. . 

16. ‘Phe method of making a Juminescent screen com- 
prising a substrate having thereon a layer of base par- 
fisles, each of which is coated all over with a layes of 
phesphor particles, ssid method including tbe steps cf: 

coating one of ihe clements selected from the group 

vonsisting of said base particles and said phosphor 
partticies yah en sdsorptive Alm to whick the other 
of said elements will adhere, 

then washing said one of said elements in a solvent for 

the material of said adsorptive film, 

dispersing said phosphur particles in a quantity of 

stid sulvent which is free of adsorptive film material, 
hathing the base pasticics with said dispersion to coat 
said base particles with said phosphor particles, 
and then depositing Ue phosphor coated base particles 
ina fayer cn said substrate. 
The methee of making a luminescent sercen com- 
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22 
prising the stoos of washing a quantity of base purtichss 
With ao oon or of pantiche adsatpiive noterid, 


then wediig said bose parteiss Jo remove the unai- 
sorbed poruen of said material therefrom, i 
5 thea bathing said filmed base panicles with an acidified 
dispersion consisting essentidily of solvent hike bat 
of said sofution atid phosphor particles to coat exch 
of said base particles with a layer of suid phosphor 
partic! <5, 
19 «= and_ depositing said coated base particles i ina layer on 
said substrate, 
18. The methcd of making a luminescent sereen com- 
prising the steps of: 
coating a multiplicity of base particles of a first phos- 
15 phor which Juminesces in a first color with films of 
a material selected from the group consisting of 
gelaun acd polyvinyl alcohal, 
thea washirg said filmed base particles in water, 
then washing said filmed base particles with an aqueous 
20 dispersica of particles of a second phosphor which 
Juniinesces in a second color to provide a layer of 
said secoad phosphor particles on said base particles, 
said dispersion bring sub.cantially devoid of said ma- 
terial, 
25 said second phosphor particles being of sizes substan- 
tially smater than the sizes of said base particles. 
and then depositing said coaling base particles in a 
layer Gn a support surface. 
19. The method of making a luminescent screen com- 
30 prising the steps of: 
washing a quantity of base particles with a protective 
colloid suspension to provide a first adsorbent film on 
said base particles, 
then washing said base particles with a liquid dispersion 
35 containing colloidal particles of a first phosphor to 
provide a layer thereof on said first adsorbent film, 
thea washing said base particles with said protective 
colloid suspension to provide a second adsorbent filo 
on the japer of colloidal particles of said first phos- 
40 phor, 
then washing said base particles with a liquid dispersion 
containing colloidal nonlumineseent particles to pro- 


vide a Saver thereof on said second adsorbent film, 
then washing said base particles with said protective 
43 colloid suspension to provide a third adsorbent film 


on said liver of nonluminescent particles, 
and then washing said vase particles with a [quid dis- 
persion c containing colloidal paricles of a second 
phosphor to provide a Jayer thereof on said third 
50 adsorbent film, 
and then depositing the coated particle product of the 
above-named steps in a layer on a substrate. 
20. Vhe method according to claim 19 and wherein 
said base partictes are phosphor particles of a size larzer 
53 than said colloidal particles and wherein said base phos- 
phor particles Tuminesce in a color different from that 
of either said first or second colloidal phosphor particles. 
21. The method of making a Jumincscent screen com- 
prising a muh: plicity of fractiona) areas each of which 
CO includes a plura’ity of superimposed Jayers of different 
color fight emitiire phosphors, ssid method comprising 
the steps of: 
bathing a quantity of base particles of a first phosphor 
of given sizes in an acidic protective colloid slu- 
oo tion to ceat sxid base particles with a first film of 
said proalective colloid, 
then bathing said hase particles in water, 
then buthing suid base particles in a liquid: dispersioa 
containing aonluminescent particles which are many 
79 times smatice than sand given sizes, 
then bathing said base particles in water, 
then bathing said base particles in an acilis protec cuive 
eclloid soiution to cant said base particles with © tec 
oad film of said protective colloid, 
U5 then bathing said base paiticles in water, 
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} ney bathing said bacr purticles in an acidi- 
spefsicn canisining paricles of a scccnd 


pace «hich are many lms sraaller than sad 


given sizes, 

then bathing said base particles in water, 

then bathing said base particles in an acidic protective 
colloid solution to coat saiv base particles with a 
third filsa of said protective colloid, 

then bathing said basz particles in water, 

then bathing said base particles in a Nquid dispersion 
containing noniuminescent particles which are maay 
times smaller than said given sizes, 

then bathing said base particles in water, 

then bathing said base particles in an acidic protective 
colloid solution to coat said base particles with a 
fourth film of said protective colloid, 

then bathing said base particles In water, 

then agitatedly bathing said base particles in an acidi- 
fied liquid dispersion containing particles of a third 
phosphor which are many times smaller than said 
given sizes, 

then bathing said base particles in water, 

then depositing said base particles in a layer upon a 
substrate, 

then aluminizing said Jayer, 

and then subjecting said aluminized layer to a bake- 
out 


a 


1G 


20 


Oa ay 

2%. Me mechod of ciakine a Jomineseent sefeen ace 
coming fo clulim 2oand wherein said protective calloid 
is @ material se? cted fram the pron a! sists OF 
gelatn and polyvinyl alcohol, and eo ach of said acidified 
phosphor dispersions has a pH of about 5. 
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